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Introduction
THE PERMANENT PASTURES OF West VIRGINIA form oiie of the State's
chief sources of agricultural wealth. According to the 1935 census
there is approximately twice as much non-woodland pasture in the state
as harvested crop land. The reason for this large pasture acreage is
easily understood. Much of the land in farms is so rolling that it can-
not be used for tilled crops without serious loss from soil erosion. On
the other hand, good permanent pastures can be maintained on rolling
to fairly steep soils. Not only do pastures offer an excellent means of
controlling erosion and maintaining soil fertility on such soils, but good
pastures furnish the cheapest livestock feed produced on the farm. It is
a well-known fact that much of the profit derived from the important
livestock industry of the state is made while the animals are on pasture.
With greater emphasis being placed both on efficient production and on
the control of soil erosion, it is evident that pastures should occupy an
increasingly important place in West Virginia agriculture.
During the past ten to fifteen years many West Virginia farmers
have observed a decrease in the carrying capacity of their pastures.
General observations have also indicated that in many sections of the
state good bluegrass pastures are relatively scarce. Very little definite
information has been available, however, on the extent to which blue-
grass and clover have been replaced by poor native grasses and weeds
in the pastures of different sections of the state. Experimental work
conducted during the past fourteen years at this Station shows that one
of the important causes for poor pastures is depleted soil fertility. Lime
and superphosphate have been found to bring back bluegrass and clover




Results of fertilizer experiments conducted since 1930 are soon to be pub-
lished in a bulletin of the West Virginia Agricultural E!xperiment Station. Re-
sults of earlier experiments have been published in Bulletins 177 and 235.
ing, however, on the deficiencies of phosphorus and lime in the pasture
soils of different sections of the state. Moreover, very little study has
been.given to such factors as soil erosion and various management prac-
tices in determining the present productivity of pastures and the possi-
bility of improving them.
In an effort to obtain more definite information on these various
questions, a cooperative study was started in the summer of 193.5 by the
Agricultural Experiment Station in cooperation with the Bureau of
Plant Industry and the Soil Conservation Service of the United States
Department of Agriculture.
The main objectives of this study may be listed as follows:
(1) To obtain information regarding pasture management and tlie carry-
ing capacity of permanent pastures in different sections of the state.
(2) To determine the type of vegetation of permanent pastures and to study
the relationsliip between the kind of vegetation and the carrying capacity of
pastures.
(3) To determine the acidity and lime requirement of pasture soils as well
as their content of readily available phosphorus, their slope, and the extent of
soil erosion.
(4) To determine the soil factors primarilj'- responsible for the poor type
of vegetation and low cai^rying capacity of various pastures, and to estimate
on the basis of these data the percentage of the permanent pasture area that
is probably not worth improving.
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General Plan and Procedure
Nine areas in different parts of West Virginia were chosen for tiui
study. A minimum of 20 farms was studied in each area, the total,
number of farms being 232 ( Fig. 1 ) . The farms were selected at random
so as to assure good representation of different parts of the area. In
most cases the selection was made from a large list of farms furnished
either by the county agent or by the Agricultural Extension Service. In
Area 3 (Monongalia, Marion, and Preston counties), however, it seemed
desirable to study only the dairy farms ; consequently these were selected
from a list of the dairy farms of this area. Farms too small to be con-
sidered typical were not studied.
The field study consisted of two parts: (1) making a detailed study
of each pasture on the farm with particular reference to the kind of
vegetation, the slope of the land, and the soil properties, and (2) obtain-
ing data from the farmer regarding the carrying capacity of the pasture,
age and treatment of pastures, pasture management, and other related
information. A total of 775 pastures was studied in the different areas.
Careful estimates were made in each pasture of the portion of the
ground that was unoccupied and that covered by Kentucky bluegrass,
white clover, and other desirable species as compared with that occupied
by poor native grasses and weeds. "Where the pasture vegetation
was quite different in various parts of a pasture, each part was con-
sidered by itself, and a separate estimate and report made.
In studying the soil of each pasture a record was made not only of
the soil type or types, but also of the slope and the amount of erosion
that had taken place as shown by the depth of the surface soil and the
presence of gullies. In addition, soil samples to a depth of three inches
were taken from small areas selected as representative either of the
pasture as a whole or of local areas in the pasture. A separate botanical
analysis or record of the type of vegetation was made for each of the
areas from which samples were taken. This was done in an effort to
determine as accurately as possible the relation between the type of vege-
tation and the chemical properties of the soil.
The field work was done by three parties of two men each. As shown
in Table 1, most of the field work was completed during June and early
July, when the late as well as the early growing plant species are present
and before the usual dry summer period occurs. The main exceptions
were Areas 6 and 7 which were studied during the latter part of July.
The latter of these areas, however, is situated in a region of high
elevation where the season is an average of two to three weeks later than
in most of the other areas studied. The confining of the field study to
this relatively short period tended to minimize any discrepancies in
botanical analysis due to seasonal variation and thus made the data for
the different areas more strictly comparable. In order to assure uni-
formity among the different parties, particularly with reference to
making estimates of botanical analysis, the leaders of each party worked
together in Area 4 during the first week. Thereafter the parties worked
inoslly in dill'eienl areas, as shown in Table 1, but the work was cor-
related from time to time in an effort to eliminate any discrepancies or
lack of uniformity that might develo]) amon.ti; the parties.
P]'intt'd data sheets were used to I'eeord the difl'ei'ent tyi)es of data
obtained. Two sheets were used to record pasture management and othei'
general information, one sueet to record the soil data and botanical
analysis of each pasture, one sheet to record soil data and botanical
analysis for each soil sample taken, and one sheet on which to sketcl:
a diagram of the farm, showing topography and erosion data for each
pasture and also the location of the soil samples that were taken. An
Abney level was used in estimating the degree of slope of the pasture.
The laboratory studies consisted primarily in determining the lime
needs of the soil, as shown by the pH values, and the contents of readily
available phosphorus. The glass electrode was used in determining the
pll values of the soil; and Truog's laboratory method for readily avail-
Table 1—Scope and dates of field stuay
Num- Total
Area Counties Num- ber of acres Dates of















29 S2 4047 G/17 to 7/3*





20 4S 1G5S 6/3 to 6/14 A





2fi 123 2414 fi/25 to 7/12 B
6 Pendleton
Hardy
20 S3 4S26 7/23 to S/2 B&C
7 Randolph
Pocahontas
31 SS 7396 7/14 to S/2 A& C
S Greenbrier
Monroe
23 SI 3220 6/24 to 7/12 C
9 Jefferson
Berkeley
2-i 72 12S0 6/4 to 6/21 C
Tota 1 232 775 31,940 5/22 to 8/2
*Ritchie county pastures were studied between June 17 and July 3 by party
A, and the remainder of the area by party B on July 15 to 19, inclusive.
tSince in Areas 1, 2, 3, and 5 most of the farms were situated in one county,
the area will be referred to in succeeding- tables by the name of that county.
able phosphorus.* A limited number of soil samples were also studied
for total exchangeable bases and percentage base saturation.
In addition to the field and laboratory studies this report also iri-
cludes some pertinent data obtained from census** and climatological
reports, t
General Information Regarding Areas
Location of Areas
The location of the nine general areas selected for this study, as
well as the location of the individual farms, is shown in Figure 1. These
areas represent most of the important pasture sections of the state and
many of the important soil and climatic conditions. In all areas but one,
parts of at least two counties are included. ft Most areas are represent-
ative not only of the particular section of the county or counties shown
in Figure 1, "but also of sections in the same or other counties similar in
soil type and in other general conditions. In some cases, however, the
areas are typical only of the parts of the counties shown by the locatiori
of the farms (Fig. 1). Thus Area 9 represents only the limestone section
of Jefferson and Berkeley counties, and Area 8 represents only the lime-
stone section of Monroe and Greenbrier counties.
Climate
The climate of West Virginia varies considerably in different parts
of the state. This is due primarily to the wide variation in altitude and
to a lesser extent to differences in latitude. The average elevation of the
farms in the different areas varies from less than 500 feet for the Jef-
ferson-Berkeley county area to approximately 2,600 feet for the Kan-
dolph-Pocahontas county area (Table 2). The average summer tem-
perature (April to September inclusive) varies from 61.6° F. to 67.3°
F., and the summer rainfall (April to September inclusive) from 17.8
inches to 27.7 inches. The highest summer and annual rainfall occurs
at the high elevations in the Randolph-Pocahontas county area, whereas
the area of lowest rainfall is in the lower altitudes of Pendleton and
Hardy counties. The low rainfall in the latter counties is probably
explained by the fact that this area lies just east of the high part of the
Allegheny mountains. Outside of this section the areas of lowest rain-
fall coincide fairly well with the areas of lowest elevation.
The rainfall is fairly well distributed throughout the year, the
months of highest rainfall for the state being July (4.57 inches), June
(4.37 inches), and August (4.08 inches). Nevertheless, pastures usually
*Truog, Emil. The determination of the readily available phosphorus of
soils. Jour. Amer. Soc. Agron. 22: 874-882, 1930.
**U. S. Census of Agriculture, 1935.
tClimatological Data, W. Va. Section, U. S. Department of Agriculture
Weather Bureau, Vol. 43, No. 13, 1935.
ttSince in some areas most of the farms were situated in one county, the area
will be referred to in the tables by the name of that county.
.suffer from cli'ou^ht or show ;i marked decrease in groAvth about the mid-
dle of the summer, particularly durinu; the latter part of July and the
first part of August. This is no doubt largel}^ explained by the high
temperatures that usually occur during this period, the mean tem-
perature for the state for July and August being about 72.5° F. In.
general, however, the climate of West Virginia is favorable to the growth
of pastures.
Soils
As previously stated, the pasture areas studied were selected so as
to represent most of the important soils in West Virginia. Table 3 shov/s
the acreage of the principal soils in each of the pasture areas studied.
On the basis of their origin and general characteristics these soils can
be classified into three main groups or provinces: (1) the Appalachian






































1 Jackson 775 584 160-170 67.3 41.3 20.9
2 Ritchie 1035 1046 150-160 65.8 45.5 24.8
3 Monongalia 1280 1250 160-170 66.0 42.7 23.4
4 Harrison 1175 1026 150-160 64.5 43.7 23.7
















490 435 175-185 66.8 37.1 21.0






Area 6—^Upper Tract, Brandywine
Area 7—Elkins, Pickens, Marlinton
Area S—Union, Lewisburg
Area 9—Martinsburg
All stations are over 25 years old, except Ravenswood (12 years old) and
Brandywine (19 years old).
'Approximate number of days from last killing frost in spring to first killing
frost in fall.
Mountain and Plateau, (2) the Limestone Valley and Upland, and (3)
the River Flood Plain provinces.
Soils of the AppalacJiian Mountain and Plateau
The Dekalb'^ soils form the most extensive soil series found in the
state and, as shown in column 2 of Table 3, are found in most of the
areas studied. Derived from the disintegration of sandstones and shales
they are inherently of relatively low fertility. The surface soil is
yellowish to brown in color and as found in these areas is largely of silt-
loam to clay-loam texture. The subsoil consists of a brownish yellow
silty clay loam to clay. The topography of Dekalb soils varies from
gently rolling to very steep. Large acreages of these soils, especially in
the southwestern part of the state, are too steep for pastures and are or
should be in forests.
The Meigs soils are also found extensively in the state, especially
in the western part. As shown in Table 3, the largest acreage of this
soil is found in Area 2. The Meigs soils are derived from shales and
sandstone and are similar to the Dekalb soils in topography and agricul-
tural value. Their color varies from light broAvn to reddish broAvn, and
the texture is predominantly clay loam.
Two other important groups of soils of the Appalachian Mountain
and Plateau Province are found fairly extensively in certain parts of
the state although far less extensively than the Dekalb and Meigs soils.
They are the UpsJiur and Westmoreland soils. These differ in origin
from the Dekalb and Meigs in that they are derived partly from limy
shales and impure limestones. For this reason and also because they are
usually less rolling, they are considered to be better pasture soils than
the Dekalb and Meigs soils. The Upshur soils vary considerably in the
degree of limestone influence. In the R-andolph-Pocahontas county area,
which contains a large acreage of this soil at elevations of 3,000 to 4,000
feet, the soil has considerable limestone influence, having been formed
from interbedded limy red shales, impure red or broA^ai sandy limestone,
and gray, nearly pure limestone. In the other area where it is found
most extensively, the Jackson county area, the soil has been formed from
limy red shales and gray shales and therefore has less limestone influence.
Here the average elevation of the soil is about 800 feet. The surface of
the LTpshur soils are grayish red to Indian red in color and vary in
texture from silt loam to clay. The subsoil is an Indian red silty clay
loam to clay. In the Randolph-Pocahontas county area, where the soil
is mostly a stony silt loam, very few of the pastures had ever been in
cultivated crops, whereas in the Jackson county area, where the sur-
face is mostly a clay loam, the soil was used for harvested crops before
being turned into pasture.
The Westmoreland soil is represented chiefly in three of the areas
studied, namely, in Harrison county (Area 4), in the Marshall county
area (Area 5), and in scattered areas in Hardy and Pendleton counties
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(Area 6). As shown in Table 3, this soil represents 21.9% of the total
pasture area studied. It is considered one of the best agricultural soils
of the hilly, upland Appalachian Mountain and Plateau Province. The
surface soil is generally a grayish brown or yellowish brown silt loam,
and the subsoil is a yellowish brown silty clay loam.
Lirnestone Valley and Upkutd Province
The soils of limestone origin are found in the eastern portion of the
state, principally in portions of the Eastern Panhandle and in counties
along the Virginia line. Area 9 represents the limestone section of
Jefferson and Berkeley counties, and Area 8 the limestone section of
Monroe and Greenbrier counties. The limestone soils in these areas are
usually much less rolling than the soils of the Appalachian Mountain and
Plateau Province and are considerably more fertile. The Prankstown,
Frederick, and Lowell soils are grouped together in Table 3 because of
their general similarity and because of the small acreage of Frederick
and Lowell soils in the areas studied. The Frankstown soils are found
largely in the Monroe-G-reenbrier county area (Area 8). They are de-
rived predominantly from gray siliceous limestone and to a slight extent
from yellow calcareous shales. The surface consists of a yellow to
yellowish brown silt loam and the subsoil is a brownish yellow silty clay
loam to cla}^
The Hagerstown soils are found mostly in the Jefferson-Berkeley
county area (Area 9) and are derived from comparatively pure lime-
stone. The surface soil consists of a reddish brown silt loam to clay loam
Typical topography, Westmoreland silt loam, Harrison County.
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and the subsoil is a yellowish l)ro\vii to reddish brown silty clay loam.
The topography is gently rolling, and outcropping ledges of limestone
are numerous in some pastures.
Eivcr Flood Plain Province
The six upland soils described make up more than 95% of the
pasture area studied. The remainder consists of bottomland and terrace
soils, as shown in Table 3. The most extensive areas of these soils are
found in the Tygart Valley section of Randolph county (Area 7) and
along the small streams in the Pendleton-Hardy county area. In the
other areas the bottomland and terrace soils that are well drained are
used mostly for harvested crops since they represent the most level areas
on the farm. Where used for pasture they usually support the best
pastures on the farm.
It is evident from these descriptions and from the data in Table 3
that there are marked differences among some of the areas because of
differences in the origin and agricultural value of the soils. Although
several types of soil are found in every area, each of the areas, except
two, is representative mainly of one soil series. Thus Area 1 is repre-
sentative of Upshur soil, Area 2 of Meigs, Area 3 of Dekalb, Areas 4
and 5 of Westmoreland, Area 8 of Frankstown, and Area 9 of Hagers-
town. Areas 6 and 7 are representative not of any one series but
rather of the narrow valleys and plateaus in the eastern mountainous
part of the state.
Most of the soils of the different areas are of silt loam to clay loam
texture, and thus have a water-holding capacity favorable for pasture
production.*
Pastures in Relation to Other Land in Farms
According to the census data, approximately 31.3% of the total
land in farms in the state is in non-woodland pasture. The percentage
value varies widely in the different sections, as shown in Figure 2. In
Monroe and Greenbrier counties, and in most of the counties in the
northwest third of the state, over 40%, and in some cases over 60%, of
the total farm land is in non-woodland pasture. Moreover, at least 80%
of the acreage of most of these counties is in farms (Fig A, Appendix).
It is evident therefore that these counties comprise tw^o important live-
stock or grazing sections. Six of the nine areas selected for this study
are situated in these sections. Areas 1 and 5 inclusive in the western
part of the state and Area 8 in Monroe and Greenbrier counties.
In contrast to the sections just referred to, the counties in the south-
western part of the state have less than 25% of their total farm land in
permanent pastures. Moreover, in some of these counties only about
20 to 407o of the land is in farms. This means that less than 10% of the
total area of this section is in permanent pastures (Fig. B, Appendix).
It is, therefore, not an important pasture or livestock area; and none
*A more complete description of all the soils can be found in the Soil Survey
Report of the respective counties and in West Virg-inia Ag-ricultural Experiment
Station Bui. No. 2S4, 1937.
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Figured. RATIO OF NON-WOODLAND TO WOODLAND PASTURE
XBOEND
0.5 to. 1.0 times as much non-vioodland
as woodland pasture
1.0 to 2,5 tines as nuoh non-woodland
as woodland pasture
2.5 to 4.0 times as mucti non-.voodland
as woodland pasture
Over 4.0 tijnes as mucli non-woodland as
woodland pasture
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of the areas studied is in this section. Because of the steepness, the
character of the soil, and the mineral wealth of this section, much of the
land is best suited to forests and to industrial use.
In the- eastern third or so of the state approximatelj^ 25 to 35% of
the total farm land is in non-Avoodland pasture (Fig. 2). This general
section includes the principal mountain portion of the state as well as
an area in Jefferson and Berkeley counties which lies in the Shenandoah
Valley. Much of the steep mountain land still remains in forest or cut-
over land. In the small valleys and less rolling upland, however (Fig.
3), are found extensive acreages of open pasture which support a large
number of livestock. Two of the pasture areas studied (Nos. 6 and 7)
are in this section.
The limestone area in Jefferson and Berkeley counties, which has
good soils of relatively level topography, constitutes one of the best






























1 Jackson 155 38.4 111.0 1.0 4.2
2 Ritchie 173 29.4 139.6 l.S 2.4
3 Monong-alia 123 37.0 82.9 0.1 3.3
4 Harrison 159 30.1 125.1 1.5 2.2
















200 126.0 53.3 7.6 12.7
Aver ag-e (-w-eighted) 203 49.0 137.7 10.6 5.6
Percenta.g-e of total farm
acreag-e (average) 24.1 67.8 5.3 2.8
^Includes -woodland and brush pasture.
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agricultural sections of the state. Although the permanent pasture acre-
age in this area is only about 50% of the total land in harvested crops
(Fig. 4), the pastures support an important dairy and livestock indus-
try.
A summary of the acreage of pasture and harvested crops on the
farms of the nine areas studied in this investigation is given in Table 4.
The average size farm for all areas is 203 acres, and the range is from
an average of 123 acres in the Monongalia county area to 372 acres in
the Pendleton-Hardy county area. Of the total land in farms, an aver-
age of 49 acres, or 24.1%, is in harvested crops as compared with an
average of 137.7 acres, or 67.8%, in non-woodland and woodland pasture.
In Table 5, the permanent pasture is classified into acres of open,
brush, and woodland pastures.f Brush pastures constitute areas that
were once open pasture but have been allowed to grow up in briers and
bushes. In Area 1 the acreage in brush pastures averages about 20%


























1 Jackson 16.4 17.9 76.4 49 25
2 Ritchie 4.3 24.6 110.6 64 17
3 Monong-alia 2.5 10.9 69.6 57 30
4 Harrison 2.7 7.7 114.7 72 19
















0.7 6.1 46.5 23 63
Aver ag-e (weighted) ,5.6 29.3 102.7 51 24
*Pastures that contain considerable bushes and briers.
tOpen pastures refer to permanent pastures which do not contain enough
trees and bushes to decrease the value of the pasture.
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of that in open pasture, hut in Area 9 only about 2%. Brush pastures
average 5.6 acres per farm and woodland pasture, 29.3 acres per fann.
As might be expected, the ratio of woodland to open pastures varies con-
sidci'ably in the different areas. Thus in the Harrison county area there
is about 15 times as much open as woodland pasture, whereas in the
Pendleton-Hardy county area there is about as high an acreage of wood-
land as of open pasture. A more general picture of the ratio of non-
woodland to woodland pasture by counties, as obtained from the census
data, is given in Figure 3.
In the last two columns of Table 5 is shown the percentage of the
farms in open pastures and in harvested crops. In general the acreage
in open pasture is from two to four times the acreage in harvested eroi>s.
This ratio is determined largely by the amount of land available for
haiwested crops. Thus in the Jefferson-Berkeley county area (No. 9^.
where the soils are level to gently rolling, there is less than half as much
open pasture as of harvested crop land ; whereas in Areas 2, 4, and 7,
which as shall be seen later (Table 14) have much steep land, there is
nearly four times as much open pasture as crop land. As an average
for all areas studied, 51% of the farm acreage is in open pasture and
24% in harvested crops. A general picture of the ratio of non-woodland
pasture to land in harvested crops by counties, based on census data, is
shown in Fig'ure 4.
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Kind of Animals Pastured
Each of the nine areas studied was classified according to the kind
of animals pastured. In this classification, shown in Table 6, beef cattle,
sheep, horses, and mules are grouped as "livestock", whereas daii-y
cattle are classified separately. The justification for this distinction is
based on the more extensive methods of beef cattle and sheep production
contrasted with the more intensive methods of dairy farming. In order
to be able adequately to compare one area with another the data are
reported in terms of "animal units." In calculating animal units, one
horse, mule, bull, steer, or cow, two colts or yearling cattle, four calves,
seven yearling or older sheep, and fourteen lambs were considered each
as an animal unit.
In general, those areas in which 50 percent or more of the animal
units are livestock are classed as livestock areas ; those in which 30 per-
cent or more of the animal units are dairy, are classed as dairy ; and
those with a relatively large amount of land in harvested crops ( Table 4
)
are classed as general. As previously mentioned, the farms studied in
Area 3 represent the dairy farms of the area. Considerable numbers of
sheep and beef cattle are also produced in this area. Therefore the ratio


















1 Jackson Livestock—g-eneral 6.3.5 15.8 8.S 11.9
2 Ritchie Livestock 51.9 19.5 20.3 8.3
3 Monong-alia Dairy—general 8.9 84.
6
6.5
4 Harrison Livestock—dairy 45.1 34.2 10.0 10.7
















General—dairy 11.8 53.7 15.2 19.3
Ave rag-e (weighted) 45.6 30.4 15.3 S.7
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of dairy cattle to other cattle in Ai'ea 3, as given in Table 6, is consider-
ably higher than is actually true of this entire area.
Six of the areas, 1, 2, 4, 6, 7, and 8, are classed as livestock areas,
and each of these areas is predominantly a beef cattle section. Five of
these areas also produce large numbers of sheep, most of which are
medium wool or mutton type. Areas 5 and 9 also produce considerable
numbers of sheep, but relatively few beef cattle. The large sheep popu-
lation in Area 5 is principally of fine-wool type, this district being near
the center of the tri-state fine-wool territory. Sheep production in Area
9 consists principally of early lamb production for the spring market.
This area is the most favorably situated of any section of the state with
respect to markets, being near Washington and Baltimore. These cities
use large numbers of early spring lambs and pay a premium for them.
Since this area also produces milk for these same markets it has a large
proportion of dairy cattle. The other two dairj" areas, 4 and 5, include
large urban populations for which milk is produced locally.
The number of horses is in a general way proportional to the per-
centage of land cultivated. Area 9 has the highest percentage of laud
in cultivation and the largest proportion of horses, whereas Areas 6 and
7 have the lowest percentage of land in cultivation and the fewest horse
units.
The Carrying Capacity^of^Pastures
The final measure of the value of pasture is the number of animal
units that the pasture will support. In order to calculate the carrying
capacity of the non-woodland pasture it was necessary first to determine
the amount of grazing afforded by woodland pasture and meadow after-
math, and the amount of supplemental feed supplied during the pasture
season. The carrying capacity of woodland pastures was difficult to
evaluate and varied widely. Based on the best information available, an
average of 30 acres of woodland pasture was estimated to be necessary
to pasture one animal unit. Some woodland pastures have a somewhat
higher carr^dng capacity, whereas others that are more thickly wooded
have a considerably lower carrying capacity.
The importance of the different kinds of pasture is shown in Table
7. By far the largest proportion of the feed was supplied by non-
woodland pasture. In Area 6 an appreciable part of the pasturage, or
approximately 13.5%, was obtained from extensive areas of unfeneed
mountain woodland. Meadow aftermath supplied a considerable share
of the feed in Areas 7 and 9. In Area 7 meadows were situated
principally on bottom lands and Avere used for pasture in the fall when
the animals were first brought in from the mountain pasture. In Jeffer-
son and Berkeley counties the large percentage of pasture on meadow
aftermath reflected the relatively large jiroportion of cultivated land.
The barn feed, expressed as a percentage of the feed supplied by
pasture, appears in the right-hand column of Table 7. The dairy sec-
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tions, Areas 3, 4, and 5, were highest in the use of supplemental feed.
Area 9, also a dairy section, depended largely on meadow aftermath in-
stead of grain or hay.
The carrying capacities of the areas surveyed are shown in Table 8.
These values were obtained by dividing the acreage of non-woodland
pasture by the total number of animal units which were supported by
the non-woodland pastures. It will be noted that the pastures of the
different areas studied differed very much in their carrying capacities.
Areas 2 and 4 required an average of five or more acres to pasture one;
animal unit whereas Area 9 required an average of 2^/^ acres, or only one-
half as much. The other areas range between these two extremes. There
is, of course, a wide variation in the carrying capacity of different pas-
tures within an area.
In the last column of Table 8 are given values for carrying capacity
calculated from the census data. These values cannot be compared
directly with the survey values, since they represent the entire counties,
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1 Jackson 95.0 3.0 2.0 10.2 0.9
2 Ritchie 94.3 3.5 2.2 3.3 0.3
3 Monongalia 92.2 3.7 4.1 15.6 23.4
4 Harrison 96.2 O.S 3.0 4.5 6.8
















6S.6 0.7 30.7 77.2 1.8
Aver age (weighted) 90.0 3.4 6.6 12.5 4.0
*Includes also a very small acreage of special pasture crops.
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Avhilc the survey values are for only parts of the counties listed. More-
over, they should be considered approximate, since no corrections could
he made for feed furnished by meadow aftermath, temporary pastures,
and barn feeding. It is interestin.a: to note, however, that in four of the
areas, Nos. 4, 5, 6, and 9, the survey and census values are similar. Since
the farms chosen in Area 3 were dairy farms and represented better con-
ditions than the average, and since the farms selected in Monroe and
Greenbrier counties were from only the limestone sections of these
counties, it is readily evident why the carrying capacity of these areas
as obtained by the survey is higher than that calculated from the census
data. The average carrying capacity of the total area surveyed was 4.2
acres per animal unit. Since as previously described, these areas repre-
sent a large proportion of the better pasture soils than is found in the
state as a whole, it is estimated from these data and from, the census
data that the average carrying capacity for all non-woodland pastures
of the state is approximately 5 acres per animal unit.
Table 8—Comparison of carrying capacity of non-woodland pastures as shown


















1 Jackson 404 1772 4.4 5.7
2 Ritcliie 615 3285 5.3 6.7
3 Monong-alia 423 1263 3.4 5.2
4 Harrison SS4 4411 5.0 5.2
























Census data are for entire counties, whereas the survey data are for parts
of the counties listed. In calculating, the carrying capacity of the woodland
pasture was taken as 30 A. per animal unit.
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Type of Vegetation in Open Pastures
It has long been recognized that the value or carrying capacity of a
permanent pasture is materially affected by the kinds of grasses, legumes,
and weeds making up the pasture vegetation and by the density of the
turf. The better types of pasture plants produce not only a denser sod
and a greater yield per acre than do poor native grasses and weeds, but
also a herbage of higher quality or nutritive value. The two most im-
portant desirable species in West Virginia pastures are Kentucky blue-
grass and white clover. It is a well-established fact that these plants
are found in permanent pastures in West Virginia wherever the
fertility of the soil has been well maintained. Moreover, experimental
work on poor pastures containing only small amounts of bluegrass and
white clover has proved that the application of lime and superphosphate
to such pastures will generally bring back a good sod of bluegrass and
white clover. Other desirable species often found in small amounts in
pastures are timothy, orchard grass, red top and other bent grasses,




A good white clover pasture, Hagerstown silt loam, Jefferson County.
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Desirable Species Present in Pastures Studied
Within each of the nine areas studied there was a wide difference in
the percentajnje of the varions desii-able plant species present. Even in
the poorest of the nine areas there were found on many farms a few aci-es
of pasture near the barn where a high percentage of desirable plants was
present. On the other hand many pastures were found to have a thin
sod composed mostlj'' of poor native grasses and weeds. A summarj'- of
the average percentages of desirable pasture grasses and legumes found
in the pastures of the different areas is given in Table 9. One of the
most significant results is the low percentage of Kentuckj^ bluegrass






































ti "'. a,c 0) a
1 Jackson 2.9 1.3 1.9 0.2 0.7 0.2 0.1 6.2 13.5
2 Ritchie 3.S 1.2 0.4 0.4 1.9 0.2 0.2 2.5 10.6
3 Monong-alia 10.4 1.2 6.1 1.6 2.6 21.9
4 Harrison 11.6 2.4 2.2 2.1 0.8 0.6 0.4 0.1 20.2


















G.O 2.1 1.3 2.8 2.5 1.1 0.3 46.9




















^Includes other bent grasses (Agrostis spp.)
^Principal species in this group are red clover and meadow fescue in most of the
areas, but Common lespedeza predominates in Areas 1 and 2.
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found in most of the areas (column 3). Area 2, which as previously
mentioned represents a large area of non-limestone soils in the wcsterii
part of the state, has on an average only 3.8^0 bluegrass. Five of the
areas average between 8 and 20% and only two areas have more than a
20% stand of Kentucky bluegrass; the weighted average for all the pas-
tures studied is 11.6%.
White clover, the other most important species, is also very low in
most areas. The percentage values range from about 1.2% in the non-
iimestone areas of the western part of the state (Areas 1, 2, and 3) to
6.0% in the limestone area of Jefferson and Berkeley counties (Area 9).
The other desirable species in the order of their abundance are redtop,
timothy, hop clover, Canada bluegrass, and orchard grass. Hop clover
has a rather short growing period, but it produces considerable growth
in certain years. Being a legume, it is a valuable species for the nitrogen
it supplies to the grasses growing in association. In the Jackson
county area (No. 1) and in the Ritchie countj^ area (No. 2) a con-
siderable amount of common lespedeza was found in many pastures.
This plant is a very valuable species in pasture \'egetation because
it is a legume and because it makes most of its growth during midsum-
mer. None or very little was found in the other sections except in the
Greenbrier-Monroe county area, thus indicating that this species is prob-
ably best adapted to the southern part of the state.
The average percentages of total desirable species are shown in the
last column of Table 9. In Areas 1 and 2 less than 15% of the stand is
made up of desirable species, and in only three areas do the pastures
average more than 30% desirable species. The average for all pastures
is only 24.4%.
Undesirable Pasture Species and Bare Space
Of the poor native grasses growing in West Virginia pastures,
poverty grass (Dantlwnia spicata) is found in greatest abundance. This
plant is late in starting growth in the spring ; and, although it furnishes
fair pasture when in the young vegetative stage of growth, it is a poor
pasture plant because it produces low yields and herbage of relatively
low quality. As shown in Table 10, the average percentage of poverty
grass in all the areas studied is 18.2%. In Area 7 (Randolph and Poca-
hontas counties) it averages over 30%, whereas in Area 9 (Jefferson
and Berkeley counties), which has previously been shown to be high in
desirable pasture plants, it averages only 0.5% Broomsedge is the
second most abundant native grass found in the state and like poverty
grass produces herbage of low quality. Although generally distributed,
it is found in greatest abundance in the southern areas of the state, where
it apparently displaces poverty grass to some extent. As shown in Table
10, the greatest abundance of broomsedge is found in the Jackson
county area, where it makes up 19.3% of a stand. The other three areas
where broomsedge is found in greatest abundance are Area 2 (Ritchie
county), Area 4 (Harrison county), and Area 8 (Monroe and Green-
brier counties).
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The percentage of weeds in the various areas is relatively high, aver-
aging 20.5% for all the area studied. The most abundant weeds in most
of the areas are einquefoil, buckhoni plantain, ox-eye daisy, yarrow,
wild carrot, field sorrel, and ragweed. Although some of these weeds
are eaten when in the young vegetative stage of growth, most of them,
soon get coarse and remain uneaten. The total percentage of weeds and
of poor or undesirable pastui'e species in the different areas (Table 10)
ranges from 29.1% in the Jefferson-Berkeley county area to around 60%
in several of the areas, and the weighted average for all pastures studied
is 51%.
The area not taken up by plants is referred to as bare space, and the
values obtained for the different areas are shown in the last column of
the table (Table 10). As an average, 24.6% of the ground in the
pastures studied Avas not covered Avith vegetation. This does not mean
Table 10—Percentage distribution of poor native grasses, weeds, and bare
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24.6Average (weighted) IS. 5.4 2.5 4.4 20.5 51.0
^Miscellaneous species, particularly in areas containing highest percentages,
were: foxtail, cheat, Paspalum. nimble will, three-awn grass, and crab grass.
-Predominant weeds, in approximate order of prevalence, were: einquefoil,
buckhorn plantain, ox-eye daisy, yarrow, wild carrot, field sorrel, and ragweed.
24
that there were large areas bare of vegetation making up 24.6% of the
pasture area, but rather that the vegetation present failed to this extent
to form a dense or perfect stand.*
It is thus evident that many of the pastures of the state not only
lack the type of vegetation essential to good pastures, but that the pasture
cover or sod is much too thin. As an average for all i)asture areas
studied, only 24.4% or approximately one-fourth of the ground was
taken up by valuable or desirable pasture grasses and legumes, about one-
half (51.0%) by poor native grasses and weeds, and the remaining one-
fourth (24.6%) by bare space.
In considering these data it should, of course, be recognized that the
proportion of different species and the amount of bare space will vary
at different times during the season. Thus very early in the spring
or during dry periods of midsummer the sod is thinner than at
periods of more optimum growth. As previously shown (Table 1),
most of the botanical analyses reported in this investigation were made
during June and the early part of July when the vegetation was
making active growth. The rainfall was above normal in all areas during
May and June except in Area 9 during May and Area 6 during June.
Consequently, with the possible exception of Area 6, the percentage of
desirable species in the pastures at the time the estimates were made was
probably as high if not slightly higher than at other times during the
season.
The question may also be raised as to what effect the relatively dry
seasons experienced since 1930 have had on the type of vegetation in the
pastures. Because of unfavorable seasons, total pasture production was
low in most sections of the state during 1930, 1932, and 1934. There
probably were also some decreases in the percentage of Kentucky blue-
grass and other desirable species during these years, especially where the
plants were weak. Where the soil conditions were satisfactory for blue-
grass and other desirable species, however, the favorable moisture con-
ditions in the spring and early summer of 1935 should have caused a
satisfactory restoration of these desirable species.
Pasture Management
Several factors Avhich may be called management practices are im-
portant in determining the proportion of desirable and undesirable
plants in pastures and the amount of plant growth.
*A dense sod of Kentucky bluegrass and white clover as found in lawns and
good pastures was considered a perfect stand and used as the standard of com-
parison.
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The inanageinent iiraeticcs iiieliulc:
1. Time of turning livestock on pasture in spring
2- Time of removing animals from pasture in fall
3. Leaving animals on pasture all winter
4. Closeness of grazing
5. Mowing weeds and briers
6. Frequencj^ of reestablishing pastures
7. Soil treatment
The data obtained in this study show that many farmers bep,in
grazing in the spring at least two weeks before the pastures are ready.
The time Avhen animals are turned into pasture in the spring has con-
siderable influence on the amount of feed that the pasture will supply
that season, and it will eventually affect the kind of plants growing in
the pasture. If pastures are grazed while the ground is still soft, the
soil may become puddled, and many plants will be destroyed. In the
early spring not only is the grass too short to provide much nourishment
for the animal, but the early grazing will decrease the productivity of
the pasture. Moreover, the desirable plants are weakened by the early
grazing and are more likely to be crowded out by undesirable plants. In
general, the vegetation should average 3 or 4 inches in height before
grazing is started. The average date will ordinarily be during the last
week of April or the first week of May except on very poor pastures or
in the mountainous sections of the state.
In most areas the cattle are removed from the pastures betAveen early
October and the middle of November, depending mainly on the altitude.
Some farmers reported leaving their cattle and sheep on pasture until
early December. Experimental work at this Station and practical ex-
perience have shown that cattle left on pasture after about the first of
November lose w-eight because of insufficient feed supply. In this con-
nection a number of farmers questioned in this survey stated that they
left cattle or sheep on pasture all winter. This is injurious to both the
animals and the pasture. The majority of these animals are young,
growing calves or lambs, or breeding females. Both these classes of
livestock should receive liberal amounts of feed rich in protein and
minerals. Heavy losses usually accompany the practice of keeping live-
stock on pasture during the entire winter Avithout supplemental feed.
Late fall and Avinter grazing is injurious to pastures for reasons
similar to those applying to early spring grazing. The soil is usually
quite soft during late fall and winter, permitting damage from tramping.
If the pasture is closely grazed Jn the fall not only are the plants Aveak-
ened but there is little opportunity for the development of a mulcli
which protects the plant roots and helps prevent soil AA^ashing.
A summary of the intensity of grazing in the different areas at the
time the survey was made (See Table 1) is given in Table 11. It Avill be
noted that a large proportion of most of the areas falls in the ''medium
grazing" class, the average percentage for all areas in this class being
58.6%. In several of the areas, hoAvever, a considerable percentage of
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the pasture area is lightly grazed (Areas 6, 7, 8, and 9). Those areas
occur in the eastern part of the state tod, with the exception of Ai-ea 9,
are in the momitainous section wher^, as previously described, winter
grazing is often practiced. It appears that in these areas the jjastures
are lightly grazed during the summer in order to have some growth
available for winter grazing.
\
Light grazing, as well as very heavy grazing, results in inefficient
utilization of the pasture. Very heavy grazing weakens the desirable
plants and decreases the total growth. Moreover the weakened plants
are likely to be crowded out by undesirable plants. On the other hand,
herbage that is permitted to make a rank growth is much less palatable
and nutritious than that which is morej closely grazed. Relatively close
grazing is also more favorable to the growth of wild white clover.
Only a small percentage of the farriers in the areas studied mowed
their pastures regularly. In order to (Control rank growing weeds the
pasture should be mowed when the weefts are in full bloom or shortly
after. Mowing is also desirable because it clips any rank growth of grass



























1 Jackson 16 64 20 36 22-50 <1
2 Ritchie 13 81 6 35 24-46 <1
3 Monongalia 11 45 44 '9 10-48 23
4 Harrison 11 SI S 41 22-60 4



















29 41 30 23 S-3S 46
Average (weighted) 27 59 14 35 7
*Range in which two-thirds of pastures fall.
\
**Of the total area treated, 65% received manure alone, ?3% lime alone,
4% commercial fertilizer, and 8% lime plus manure or fertilizeiv
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and results in more unifonn '>iM;:inti- and therefore in more efficient
utilization of the pasture.
Many of the permanent pastiii es of the state have been in pasture
for a number of years. The average age of the pastures in the different
areas is shown in Table 11. It will be noted that in most of the areas
the average age is from about 30 to 40 years. In three of the areas, how-
ever (Nos. 3, 5, and 9), the average age is less than 30 years, and quite
a few pastures are only about 10 years old. This is true particularly of
the Jefferson-Berkeley county atea, where the land is less rolling, and
where many pastures are occasionally plowed and used for harvested
crops.
The practice of keeping pastures on the same land for many years
without plowing is undoubtedly a good one for most of the areas studied.
Many pastures, as will be seen later, are on soils of relatively steep topo-
graphy and cannot be plowed and used for most harvested crops without
serious losses from soil erosion. On the smoother pastures such as are
found particularly in the Jefferson-Berkeley count}' area (Area 9) and
the Greenbrier Valley (Area 8), however, the plowing of the pastures
may occasionally be found desirable in the reestablishment of a good sod.
In spite of the long period of years that most of the land has been
in pasture, very little attention has been given to replenishing the
fertilitj^ of the soils by meais of lime, manure, and fertilizers. This is
shown in the last column of Table 11. Less than 7% of the total
pasture area studied has been given any soil treatment.*
Soil Conditions in rhe^Different Areas
The differences in :'he carrying capacity and the kind of A^egetation
of different pastures aid pasture areas can be explained largely by soil
differences. Not only do soils diifer in their inherent productivity as
described on pages 8 :o 12, but the changes that have taken place since
they were brought iuco cultivatiou or pasture have caused differences in
productivity. The two soil factors that have been most responsible foi-
these changes are tie loss of plant food elements by plant removal and
leaching and the loss of topsoil by erosion.
Soil Acidity and Lime Requirement
The soils of -^ach area were grouped on the basis of differences in
the degree of aciiity, i.e., pH vallues.f It will be seen in column 3 of
Table 12 that a considerable percentage of the soils in some of the areas
is below pH 5.0. or very strongly acid. Thus in Areas, 3, 5, and 7 over
a third of the soils fall in this tery strongly acid group. The highest
Since the field work of this study has been completed, a niimher of farmers
have become interested in pasture improvement work, and lime and superphos-
phate have been used on a considerable number of pastures.
tpK value refers to degrees of acidity. A soil of pH 7.0 is neutral, whereas
soils with pH vflues below 7.0 are abid. The lower the pH value, the hig-her the
acidity. Verj^ acid soils have pll values below 5.0. (Most soils in West Virginia
rang-e from pH values slightly below 5.0 to pH values of about 6.0).
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percentage of the soils in most of the areas is of strong acidity or falls in
the group of pH 5.0 to pH 5.4. Thirty-six percent of all the soils studicr-d
are in this group; and 29% in the group of medium acidity, i)H 5.4 to
5.8.
Soils of pH 5.8 or above were found generally to support a good
stand of Kentucky bluegrass and white clover, provided the available
phosphorus was adequate and other conditions were favorable. This is
shown in Figure 5. Of the total area of soils above pH 5.80 and
containing over 10 pounds per acre of readily available phosphorus, 66%
supported a better than 50% stand of Kentucky bluegrass and white
clover.* As contrasted to this, only 28% of the soils with pH below 5.4
had any appreciable amounts of these species.** These results are in
F/aure ^ -Percentage of postures in each
"Jroup that are lo\/v, medium, and high in










ph S.8 and abot/e
l-LJand v\/hi1c clover \
•n 26-S0% Ky. blue-
&^ros2 and tvhite clover
C" jdss only soils
avonable phosphorous]
\aras3 and
th IO/t>s. or more of readily
Above 50'/.. Ky. blue-
tviiife' do I,
*Soils containing- only 10 lbs. available phosphorus per acre are considered
deficient in available phosphorus, but it was necessary to include all such soils
in order to have a sufficient number for the comparisons.
**Most of the soils of below pH 5.4 that supported a good stand of bluegrass
and white clover (a stand of 50% or better) were found to have a relatively high
percentage base saturation. Such soils nearly always contained a high amount
of organic matter.
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greneral agreement with those ohtainccl in pasture experimental woi'k
eonducted at the Agricultural Experiment Station during the past seven
5'ears, namely, that soils of pH 5.8 or above will support a good growth of
Kentucky bluegrass and clover if other conditions are satisfactory. As
shown in Table 12, however, only a small percentage of the soils of moj-it
areas is in this class. The exceptions are Area 6 (Hardy and Pendle-
ton counties), where 47% of the area was not in need of lime for pasture,
and Area 9, where 84% of the pasture soils likewise had pH values above
5.8 and was not in need of lime.
The next to the last column of Table 12 shows the percentage of eacli
area in need of lime. It will be seen that over 90% of the soils of Areas
1, 2, 4, and 7 are in need of lime, and that the average of all pasture
areas studied is 85%. Of the soils in need of lime in each area the lime
requirement expressed as pure, finely-ground limestone or its equivalent
ranges from an average of % of a ton per acre in the Jefferson-Berkeley
county area to nearly 11/4 tons in the Marshall county area (last column.


























1 Jackson 4 66 22 8 92 0.91
2 Ritchie 7 58 35 <1 99 O.SS
3 Monongalia 35 20 31 14 86 1.02
4 Harrison 20 59 20 1 99 1.00
















S 8 84 16 0.75
Average (weighted) 20 36 29 15 85 0.95
Data are for the soils of the open pastures from which representative sam-
ples were obtained.
**Includes only the soils in need of lime, expressed as tons of pure, finely
ground limestone per acre.
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Table 12) .f These amounts seem small when compared with the amounts
of lime required to grow such crops as alfalfa. The reason for these
seemingly low values is twofold. In the first place, Kentucky bluegrass
and white clover, which are generally found in good j)astures, do not re-
quire as much lime for their successful growth as do such plants as alfalfa
and sweet clover, but grow well at pH values of about 5.8 and above.
Secondl}^, the lime requirement values given are based on liming only
the surface three inches of soil. Experimental work has shown that a
large portion of the roots are in this layer and that lime moves down
into the soil very slowly when applied as a topdressing to permanent
pastures. On a heavy silt loam soil at Morgantown, for example, prac-
tically all of the lime was in the O-to-3-inch layer four years after being
applied. The lime requirement values given should, however, be con-
sidered the minimum amounts needed. If legumes of high lime require-
ment are sown in the pasture more lime will, of course, ))e needed. More-
over, where the soil is low in organic matter and where lime is inexpen-
sive, an additional half ton per acre might well be used.
Readily Available Soil Phosphorus
The amounts of readily available phosphorus were determined by
the Truog laboratory test. As the term indicates, the phosphorus shown
by this test does not represent the total amount available to plants, but
only that portion which is readily available.
The data obtained in this study indicate that on the basis of this
test at least 20 pounds of readily available phosphorus per acre are
necessary if permanent pastures in West Virginia are to maintain a sod
of Kentucky bluegrass and white clover. Soils with 10 to 20 pounds
can be considered deficient in available phosphorus and those with
less than 10 pounds as very deficient. This is well illustrated in Figure
6. Of the group of pasture soils containing less than 10 pounds of
available phosphorus, 69% had less than a 25% stand of Kentuclvj^
bluegrass and white clover, and only 20% had more than a 50% stand
of bluegrass and clover. On the other hand, of the group of pasture
soils containing more than 20 pounds of available phosphorus per acre,
only 13% had less than a 25% stand of bluegrass and clover, and
72% had more than a 50% stand.*
fThe lime requirement values were calculated from the pH values, and refer
to the approximate amounts of ground limestone of 100% availability required
to bring- the surface three inches of soil to pH 5.8. Since most of the soils were
of silt loam to clay loam texture, the conversion values used were as follows:
for soils of pH values below 5.0, a lime requirement of 1 14 tons per acre; for
soils between pH 5.0 and 5.4, a lime requirement of one ton per acre; and for soils
between pH 5.4 and 5.8, a lime requirement of 14 ton per acre.
*As pointed out by Truog, tlie minimum amount of available phosphorus that
is adequate for crop production varies with the climate, the soils and the crops
grown. For general farm crops under West Virginia conditions, preliminary
work at this station indicates tliat a minimum of 40 pounds of readily available
phosphorus is necessary. There is an indication from these studies that soils
high in organic matter, as were many of these pasture soils, -will support a good
sod with a lower amount of readily available phosphorus than soils lo^v in
organic matter. This may explain tlie good growth of pastures on some soils
that are relatively low in available phosphorus.
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A summary of the amounts of readily available soil phosphorus in
the different pasture areas is given in Table 13. It will be seen from this
table that a large percentage of the soils, or an average of 77% has less
than 10 pounds of available phosphorus per acre. In addition, an aver-
age of 17% of all soils has between 10 and 20 pounds of available phos-
phorus. This means that 94 %i of the pasture area studied is deficient in
available i)hosphorus and therefoiv in need of phosphorus fertilizer. It
should, of course, not be concluded that the remaining 6% or those soils
containing 20 pounds or more of available phosphorus would not respond
to phosphorus fertilizer, for a profitable response may be obtained even
on such soils. Other factors being the same, however, the response would
not be as great as on soils with less than 20 pounds of available phos-
phorus.
As might be expected, the nine areas diifer considerably in available
phosphorus. The areas most deficient are Nos. 1, 2, and 4. Over 95%
of the pasture soils of these areas have less than 10 pounds of available
phosphorus per acre. It is interesting to note, also, that these areas are
the lowest in desirable pasture species (Table 9). Areas 3, 5, and 9
Fiqure6.Percenfage ofpastures in each group
fhc/f are loi^ medium, and hiqh in Kentucky
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show the least deficiency in available p^hosphorus; and it is significant
that these three areas are the only ones representing dairy sections
(Table 6). Not only do dairy fanners return more manure to th(ir
pastures, but they often feed concentrates high in phosphorus; and a
part of this phosphorus no doubt is carried to the pastures in the
droppings. Even in the best of these dairy farming areas, however, over
40% of the soils were found to be very deficient in available phosphorus.
It is evident from these data, therefore, that phosphate fertilizers,
as well as lime, are very essential in any program for the improvement
of West Virginia pastures.
Soil Erosion
The percentages of the soils in each area that have undergone differ-
ent degrees of erosion, and the average depth of surface soil are shown
Table 13—Readily available phosphorus in the soils of the various pasture
























1 Jaclcson 97 3 <1 100
2 Ritchie 95 5 <1 100
3 Monong-alia .''iS 21 21 79
4 Harrison 61 38 1 99
















43 45 12 S8
Averag-e (weighted) 77 17 6 94
Data are for the soils of the open pastures from which representative sam-
ples were obtained.
The amounts of readily available phosphorus are expressed as pounds per
2,000,000 pounds of soil. For convenience they shall be referred to as pounds per
acre, although, the surface three inches of soil represented by these s-amples is
undoubtedly higher in available phosphorus than the next three- to four-inch
layer.
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in Table 14. Although the classification used is rather general, the re-
sults obtained emphasize the large amount of erosion that has occurred
in these pasture soils. Only about 3.8% of the total pasture area studied
was estimated to be free from erosion. A large majority of most areas has
suffered medium erosion or has lost somewhere between 25 and 75%
of the original topsoil. Of the total area studied, 71% has suffered
medium erosion. Moreover, 15% of all areas has suffered severe erosion
or has lost more than 75% of the topsoil. The greatest loss of surface
soil by erosion was found in Area 2. In this area 46% of the soils has
undergone severe erosion and the average depth of top soil is only 2.8
inches. In marked contrast to this are the values for Area 9 (Jefferson
and Berkeley counties), where only 2% of the soils are severely eroded
and the topsoil averages 7.4 inches in depth.
The differences in the amount of erosion that has taken place in the
different pasture areas is determined largely by the steepness of the
slopes, the soil type, the previous treatment of the soils, ancl the kind of
sod present. A large part of the land in pastures was at one time or
other in harvested crops before turning to pasture. This means that




















1 Jackson 2 2 SI 15 4.8
2 Ritchie <1 <1 53 46 2.8
3 Monong-alia <1 14 S3 3 5.4
4 Harrison 2 11 70 17 4.4
















12 25 61 2 7.4
Average fweighted) 4 10 71 15 ••
*Slig-ht erosion—Less than 25% of original soil lost.
Medium erosion—Between 25 and 75% or original soil lost.
Severe erosion—More tlian 75% or original soil lost.
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many of the pastures were started on soils already eroded and depleted
in fertility. Moreover there has been a continual removal of fertility
from the soil by the grazing animals as well as by leaching, and very few
of the pastures have received any manure, fertilizer, or lime. The result
is that pastures are gradually becoming poorer. The bare space in many
pastures now amounts to over 30%. Because of the large amount of bare
soil present, much sheet erosion is taking place on the steeper slopes, and
in many pastures gullies of various sizes are developing. Thus a vicious
cycle continues. As a greater amount of erosion takes place, the fertility
of the soil rapidly decreases, the vegetation becomes poorer, and erosion
continues at increasing rates. Soon a point is reached in this cycle when
so much of the surface soil has been lost that the pastures can no longer
be improved economically. Lime and fertilizers will no doubt help on
such badly-eroded pastures but there is considerable question as to
whether the treatment will be economical, for the soil no longer has the
water-holding capacity and organic matter content necessary for good
yields. Unfortunately, some of the pastures studied are already past the
point where improvement seems practicable.



















1 Jackson 55 28 17 36
2 Ritchie 22 45 33 52
3 Monongalia 59 30 11 27
4 Harrison 35 49 16 23

















Avei ag-e (weighted) 51 33 16 25
*Total of all areas above 40% slope and of areas with less than 40% slope
where improvement seems impractical. These areas should be in trees.
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In contrast to the conditions which exist on pastures that have a
poor sod, a good sod is one of the best means of preventing soil erosion,
as the work of the Soil Conservation Service well shows. Moreover, a
good pasture sod means that a high percentage of the rain is absorbed
by the soil and becomes available for increased plant growth.
Slope
Slope is an important factor in determining not only the amount
of erosion that takes place but also the extent to which pasture improve-
ment is practicable. It seemed important therefore to obtain definite in-
formation on the topography or slope of the pasture soils in the different
areas. The percentage of each pasture area in different slope classes is
shown in Table 15. In general slopes of less than 25% are Avell suited
to pastures. (A slope of 25% has a vertical rise of 25 feet for each 100
feet of horizontal distance.) As shown in column 3, however, four of
the areas studied have less than 50% of their acreage in this slope class.
Of the remaining five, the two principal limestone areas (Nos. 8 and 9)
had the largest percentage of soil of to 25% slope, namely, 82 and
100% respectively. The average for all areas is 51%.
Soils with 25 to 40% slope generally are also suited to pastures.
However, where erosion has been severe and where the fertility of the
soil is low, soils of this slope, particularly those near the upper slope
value, cannot be improved profitably and must eventually be returned
to woods. The percentage of soils in the 25 to 40% slope class varies
from less than 1% in Area 9 to over 40% in Areas 2, 4, and 5; and the
average for all areas is 33%.
In all areas but one, some of the pastures have slopes of over 40%.
Soils on such slopes erode easily and are not suited to pastures. In the
Ritchie county area 33% of the pasture area has a slope of over 40%,
and in five of the remaining areas 10 to 18% of the pasture areas studied
have slopes of over 40%. The average for the total pasture acreage is
16%.
Percentage of Pasture Areas Not Suitable for Improvement
Many of the pastures of the state are so badly eroded or are on such
steep slopes that improvement by the re-establishment of a bluegrass-
elover sod through the use of lime and phosphorus is not practical or
economical. Other things being equal, the greater the slope, the larger
the proportion of the rainfall which runs off from the surface. Not only
does this run-off carry with it the valuable topsoil, but it means also that
less water is absorbed by the soil to furnish water to the plants. Plants,
therefore, often suffer from drought on steep slopes, and poor plant
growth results. For that reason the response from fertilization and
liming may not be economical on soils of a high degree of slope. More-
over, improvement of steep slopes is often not practical because it is
difficult, if not impossible, to spread fertilizer, manure, and lime with
machinery.
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In the last column of the table (Table 15) are given the estimated
percentages of the total pasture areas that are not suited for pastures.
This estimate includes all areas of over 40% slope as well as areas be-
low 4:0% slope that have been so damaged by erosion or are so poor that
improvement would not seem to be economical or practicable. The per-
centages vary from less than 1% in the Jefferson-Berkeley county area
to over 50% in the Ritchie county area, and the average for the total
pasture area studied, is 25%. For the state as a whole it is estimated
that at least one-third of the pastures are so steep or so badly eroded that
fertilization and liming cannot be recommended. Additional studies
may show that an even larger percentage than this cannot be improved
economically, especially if the pastures are allowed to deteriorate further
before improvement is started.
Comparison of Different Areas
In order to better compare the different areas as regards soil and
pasture conditions, some of the more important data were brought to-
gether. These data are given in Table 16, the areas being listed in the
order of increasing amounts of desirable species in the pasture.
The Ritcliie county area, which as previously mentioned consists
mostly of Meigs and Dekalb soils, has the lowest percentage of desirable
pasture plants of any of the areas studied. Likewise, it ranks lowest in
A pasture on eroded Meigs clay loam, where treatment with lime and
fertilizer is impractical. Such land should be in trees.
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carrying capacity as well as in favorable soil characteristics. Practically
all the soils are in need of lime and are very deficient in available phos-
phorus. Moreover, nearly one-third of the pastiires are on slopes of over
40%, and,46% of the area studied is severely eroded. This means that
approximately one-half of the pasture area can not be improved econom-
ically and is therefore not suited for pastures. It should be returned to
forest as soon as possible. Although these data apply mostly to the pas-
tures of Ritchie county, from which most of the farms Avere selected,
they are believed to be typical of the pastures on much of the Meigs soils
in the west central part of the state. Parts of Lewis and Upshur counties
have pasture conditions more typical of the Harrison county area.
The Jackson county area, which represents mostly Upshur soils, is
also very low in desirable species. The carrying capacity of this area is
found to be somewhat higher than of Area 2. This may be accounted for
partly by the better general topography and lower amount of erosion.
The carrying capacity given, however, may be too high, since many of





































2 Hitchie 11 5.3 46 33 52 99 95
1 Jackson 14 4.4 15 17 36 92 97
4 Harrison 20 5.0 17 16 23 99 61












23 3.7 8 3 10 7S 70




47 2.5 2 <1 16 43
Average (weig-hted) 24 4.2 15 16 25 S5 77
*pH value of soil less than 5.S.
**Ijess than 10 lb. per acre available phosphorus (Truoa: laboratory method).
fAll data are based on non-woodland pasture except those in the last two
columns; these are based on open-pasture areas.
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the pastures were rather heavily gra^^'d. As in Area 2, the soils are
very deficient in available phosphorus and in lime. Approximately one-
third of the area studied is very steep or badly eroded and is not suited
for pastures.
The Harrison county area contains an average of 20% desirable
pasture plants and has an average of 5 acres of pasture per animal unit.
The Westmoreland soil chiefly represented in this area is not as badly
eroded as the Meigs and Dekalb soils of Area 2. Nevertheless a total of
23% of the area is so badly eroded or is on such steep slopes that it is not
suitable for pastures. The soils of this area are as badly in need of lime
as those of Areas 1 and 2, but they are somewhat less deficient in avail-
able phosphorus.
The Monmigalia area (No. 3) ranks next loAvest in percentage of
desirable species. As previously mentioned, the farms selected in this
area are representative only of the dairy farms. Three and four-tenths
acres are required per animal unit. Since the pastures were very closely
grazed, this value, as explained later, may be low. The area represented
by these farms has suffered less severe erosion and has on the average
a considerably deeper topsoil than the first three areas listed. Moreover,
the soils are not quite so much in need of lime or so deficient in available
phosphorus.
The Pendleton-Hardy area (No. 6) and the Randolph-Pocahontas
area (No. 7) are very similar in average percentage of desirable plants
in the pastures. Both areas represent valley and plateau soils in the
mountainous section of the state. Because of the large amount of wood-
land pasture, especially in Area 6, the carrying capacity of the non-
woodland pasture was rather difficult to evaluate. According to the best
data available, however, it is found that about 4 to 41/9 acres of non-
woodland pasture are required per animal unit. The soil conditions in
•».: s
»,'V
Typical topography of some of the poorer pasture areas
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the two areas are somewhat different, although both areas contain soils
varying widely in fertility and agricultural value. The Dekalb soils in
Area 6 are shale ioams and droughty. Because of the poor vegetation on
these soils there has been considerable erosion, even though the topo-
graphy is only gently rolling. On the other hand quite a high percentagti
of this area consists of bottomland soils and of upland soils of limestone.'
origin. This no doubt accounts for the fact that only 53% of the are;a
is in need of lime for pastures, as compared to over 90% in need of lime
in many of the other areas. Approximately 27% of the area now in
pastui'es should be put back into forest.
The I-iaiidoJpli-Pocaliontas pasture area has very little severe erosion
even though 18% of it has a slope of over 40%. The relatively small
amount of erosion no doubt is explained by the fact that many pastures
are somewhat stonj'^ and were never tilled but were turned to pasture im-
mediately after clearing the forest. The average depth of soil is 7.3
inches. The soils are practically all in need of lime and are very deficient
in available phosphorus. In a few pastures of the area rather good
vegetation w^as found where the soil was fairly acid and low in availabh^
phosphorus. This condition w^as apparently related to the high organic
matter content of these soils and to the greater rainfall and higher soil
moisture. Nineteen percent of this pasture area is estimated to be too
steep to be improved economically.
The Greenhrier-Monroe area represents only the limestone soils of
the Greenbrier Valley. An average of 33% of the pasture area is occu-
pied by desirable plant species, and an average of 3.7 acres is used to
pasture one animal unit. Less than 8% of the soils have suffered severe
erosion although, as shown in Table 14, there has been considerable
"medium erosion". Even though the soils are mostly of limestone
origin, 78% are in need of lime. Seventy percent of the area is very
deficient in available phosphorus.
Pastures in background are on less rolling area of Upshur clay loam soil,
Jackson County. Much of the pastures on su*'h areas can be innproved
economically.
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The Marsliall area, which represents mostly the Westmoreland and
Brooke soils of these counties, has a relatively high percentage (38%)
of desirable plants in the pastures, and 3.2 acres are required to pasture
one animal unit. This is in spite of the fact that 16% of the pasture area
is on slopes of over 40%, and that 13% of the soils are severely eroded.
The soils of this area are generally in need of lime. The percentage of
the soils which are very deficient in available phosphorus is not quite as
low as in most of the other areas. This may be explained partly by the
fact that some fertilizer had been used while the pasture land was in
crops. Twenty-three percent of the pasture area was estimated to be too
steep or badly eroded to be improved economically.
The Jefferson-Berkeley area has the highest percentage of desirable,
plants in the pastures of any of the areas (47%), and the lowest number
of acres of pasture (2.5 acres) are required per animal unit. This is
not surprising when the soil data are considered. This area represents
only the limestone soils of these counties, mostly Hagerstown and Hunt-
ington soils. Practically all the pastures are on slopes of less than 25%,
and less than 2% of the pasture soils have undergone severe erosion.
Moreover, only 16% of the area is in need of lime for bluegrass pastures.
As has been shown in Table 11, considerable lime has been used on past-
ures. Although the percentage of the soils that are very deficient in
phosphorus is not as high as in the other areas (43%), at least 88% of
the area should respond profitably to phosphorus fertilization. Many of
Typical pasture scene on Frankstown silt loam soil in the Greenbrier
Valley, Greenbrier County.
41
these pastures could siippovt one animal unit per acre if they Avere
treated with supci'phosphatc and with lime when necessary.
Pasture on Hagerstown silt loam in Jefferson County. Limestone out-
crops are typical of many pastures in this area.
Pasture Conditions as Related to Soil Type
The data that have been presented emphasize the wide differences
that exist in the average carrying capacity, type of vegetation, and soil
conditions in the different areas. As previously mentioned, many of the
areas studied were selected because they represent different kinds of soil.
All areas, however, contain more than one soil type and soil series. It
seemed desirable, therefore, to rearrange the data according to groups
of soils or soil series.*
It was found, as might be expected, that wide differences exist
among the different soil series as regards the type of vegetation they
support, the degree of slope, the amount of soil erosion that has taken
place, and the deficiencies in lime and available phosphorus. These data
are shown in detail in Tables A, B, and C of the Appendix. Only the
summary data, given in Table 17 and Figure 7, however, need to be
discussed. In Figure 7 the soils are arranged in ascending order accord-
ing to the amounts of desirable pasture plants thej^ support. The order
is as follows : Meigs, Dekalb, Upshur, Westmoreland, Pope and related
soils, Frankstown and related soils, Hagerstown, and Huntington and
related soils. The pasture on the Meigs soils, which are usually con-
sidered of relatively low productivity, average only 12.6% desirable
species, whereas the Huntington group of soils averaged 44.1% The
*These soils have been described on pag'es S to 11 and their acreage in the
different areas s'iven in Table 3. Most of the soils in each series consist of silt
loams and clay loams.
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depth of topsoil varies in the same order, the Meigs soils averaginf? only
3.6 inches and the Huntington and Moshannon soils 8.9 inches. Since
the Huntington and Pope groups of soils occupy bottomlands along
streams, their high average depth of topsoil is partly a result of the
wash they have received from the upland soils. The Hagerstown soils
average less in depth than the Frankstown and related soils. This is,
no doubt, partly explained by the fact that many of the Hagerstown
soils in Jefferson and Berkeley counties (Area 7) have frequently been
plowed and used for corn and other harvested crops and have thus been
subjected to considerable erosion.
The depth of topsoil is closely related to the slope of the soils and
the amount of erosion that has taken place. This is well shown in Figure^
7. About 35% of the Meigs soils are on slopes of over 40%, and 43%
of the soils have suffered severe erosion or have lost 75% or more of
their original topsoil. A large percentage of the Dekalb, Upshur, and
Westmoreland soils also have quite rolling topography, and soil erosion
has been pronounced. The Frankstown and Hagerstown soils occupy
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6.6 39.1 5.7 2 7 32 61
2.3 44.1 8.9 64 58
1.2 31.0 7.8 79 67
63
*A11 data are based on -weighted averages.
tThe data in the last two columns do not represent all pastures studied, but
only tliose pastures from wliich representative soil samples were taken.
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more gently rolling areas and have suffered the least erosion of the up-
land soils. Moreover, as shown in Talkie 17, the Hagerstown soils show
the least need for lime and for phosphorus, whereas the Meigs soils show
the greatest need.
General Relationships
Relation Between Type of Vegetation and Carrying Capacity
One of the important results obtained in this investigation is the
close relationship found to exist between the percentage of desirable
plant species and the carrying capacity of the pastures. This relation-
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F,^ure 7-COMPARlSOM OF THE DIFFERENT SOIL SERIES
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Figure 8, where the areas are arranged in order of increasing percent-
ages of desirable species. It will be seen that as the average percentage
of desirable species increases, the number of acres required to j)asture
one animal unit decreases. The only marked exception to this relation-
ship is Area 3, where it took an average of 3.4 acres to jjasture one
animal unit, even though only 22% of the pasture area was covered
with desirable species. This exception, whowever, is probably more
apparent than real. As shown in Table 11, this area was more closely
grazed than were the other areas which means that there was greater
utilization of the herbage present.
Having obtained such a good relationship between the percentage
of desirable species and the carrying capacity of the pastures in the dif-
ferent areas, it seemed desirable to see if some standard could not be
established that would make it possible to determine the carrying
capacity of pastures from a knowledge of the type of vegetation present.
The standard that was developed on the basis of the data obtained from
this study as well as from other investigations is shown in Table 18. On
the basis of this standard, the carrying capacity of the pastures was
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in Table 19, the average carrying capacity per farm thus calculated
agrees very well with the actual carrying capacity as obtained from the
farmer's information.* The close agreement between the calculated and
"found". values shows that for West Virginia conditions the standard
given in Table 18 can be used as a good guide in evaluating the carrying
capacity of different permanent pastures. The pastures that contain
less than 16% of desirable species, and therefore can be considered to
be poor pastures, require an average of 5 to 6 acres to pasture one
animal unit. Fair pastui'es, or those containing ]6 to 30% dcsii'able
species, require 3.5 to 4.5 acres to pasture one animal unit ; medium
pastures (31 to 50% desirable species), 2.5 to 3.25 acres; good pastures
(51 to 75% desirable species), 1.25 to 2.25 acres; and excellent pastures
(76 to 100% desirable species), one acre or less to pasture one animal
unit.
These data emphasize the importance of bluegrass, clover, and other
desirable species in permanent pastures. Although grazing animals eat
to a certain extent the poor native grasses and weeds, these plants pro-
duce lower yields and a poorer quality of herbage, and therefore more
acres of such pastures are necessary than of bluegrass and clover past-
ures to support one animal unit.
The percentage of the pasture acreage in each area that can be
classified as poor, fair, medium, good, or excellent is shown in Table 20.
As an average for all areas studied it is found tliat 50% of the pastures
are poor or contain less titan 16% desirable species, and only about 10%
Table 18—Standards for approximate evaluation of pastures based on per-
centage of desirable species
General standard Detail standard
Rating- of % Acres % Acres per
pasture desirable required desirable animal





























ExceUent 76-100 O.S S5-100 0.75
NOTE: If slope is over 40% substract one-fourtli tvom carrying capacity; if
in bottomland, add one-fourth to carrying capacity.
*The coefficient of correlation = 0.974 ±: 0.004 (n = 206). If tlie two large
farms (five times the average size) are omitted, r r- 0.927 ± 0.01.
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liave more iJian 50% desirable species or ccm he considered good or excel-
lent pastures.
Relation Between Type of Pasture and Acidity and
Available Phosphorus Content of Soil
Since the permanent pastures can be readily classified into different
groups based on the type of vegetation present, it is of interest to see how
the soils of these groups differ in acidity and available phosphorus. In
Figure 9 the pastures are grouped into poor pastures, fair and medium
pastures, and good and excellent pastures ; and the acidity of the soils
in each group is shown graphically. It is seen that 12% of the area in
poor pastures consists of acid to strongly acid soils, whereas only 25%
of the good and excellent pastures are on soils of this acidity (pH below
5.4). On the other hand, only 9% of the poor pastures are not in need
of lime, whereas 54% of the good and excellent pastures are on soils
not in need of lime (pH 5.8 or above).
The available phosphorus content of the soils in the three groups is
shown in Figure 10. It is seen that of the area in poor pasture, 84%
Table 19—Comparison of the actual carrying capacity with the carrying capacity
















1 Jackson 17 17.5 15.2
2 Ritchie 28 20.2 18.5
3 Monong-alia 14 19.2 16.2
4 Harrison 39 22.9 26.3























*Those farms were omitted where less than one-half of the summer feed was
supplied by the non-v/oodland pastures surveyed.
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is very low in available phosphorus, and only 3% has 20 pounds or
more of available phosphorus per acre. In contrast, 31% of the soils
of the good and excellent pastures have this larger amount of availalilo
phosphorus.
The relatively high percentage of good and excellent pastures that
have soils of less than 20 pounds available phosphorus is at first thought
somewhat surprising. Part of the explanation for these results prob-
ably lies in the fact that some soils high in organic matter can suppoi't
a good sod at relatively low levels of available inorganic phosphorus fas
measured by the Truog method). Likewise, the fact that good pastures
are formd on some soils below pH 5.8 is partly explained by the relatively
high percentage-base saturation found in soils containing a high content
of organic matter.f The more important explanation for these apparen!:
discrepancies, however, is that some of the desirable species are able to
grow on soils of more acid reaction and of lower content of available







Percen tage of pa 3ture acreage in each class*
Poor Fair Medium Good Excellent
1 Jackson 77 11 8 4 <1
2 Ritchie 79 19 1 1 <1
3 Monongalia 53 29 IS <1 <1
4 Harrison 67 13 S 12 <1
















14 S 37 30 11
Averag-e (weighted) 50 20 19 10 1
Poor = 0-15% desirable species
Fair = 16- 30% desirable species
Medium = 31- 50% desirable species
Good = 51- 75% desirable species
Excellent = 76-100% desirable species
See Table IS for more complete description of standards.
tRobinson, R. R. Soil Properties Determining the Botanical Composition of
Pastures in West Virginia. Jour. Agr. Res. Vol. 54, No. 12, 1937.
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phosphorus than others. It is well known, for example, that redtop and
especially Common lespedeza can maintain themselves on jjoorer and
more acid soils than Kentucky bluegrass and white clover.
;enera I ConcIonciusions and Recomme ndati ons
The data obtained in this investigation show that many of the
permanent pastures of West Virginia require 5 or 6 acres to pasture
one animal unit. This low carrying capacity is found to be due to the
poor type of vegetation present. Kentucky bluegrass and white clover,
which once were abundant in permanent pastures, are in many areas
now found only in very small amounts, the average in all the pastures
studied being slightly less than 15 percent of a perfect stand. In the
place of these desirable pasture plants have come the poor native grasses
and weeds, plants which produce poor yields and herbage of low
palatability or poor quality. Moreover, the sod has become thinner and
soil erosion has been taking place at increasing rates.
These conditions have, of course, been developing for a number of
years. As the results show, very little attention has been given by farm.-
Figure 9 -Percentage of pastures medch group with
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[Includes only The soils with more than lOlbs. readWy ovailoble phosphorus]
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ers to pasture improvement work. Some farmers believe that the several
dry seasons experienced since 1930 are the main cause of our present
pasture conditions and that as soon as we have a few normal or wet
years the bluegrass and clover will come back. It is evident from the
data obtained in this investigation, however, that even with tJie most
favorable seasons, very little increase in desirable plants can be expected
in most pastures unless sometliing is done to improve tlie fertility of tlie
soils.
The results of this investigation point to two main causes for the
poor type of vegetation and low carrying capacity of many West Vir-




Lime is needed on at least 85% of the pasture soils before Kentucky
bluegrass and white clover can be re-established. Moreover, there is an
even greater need for phosphorus. Ninety-four percent of the soils of
the total pasture area studied was found to be very deficient in available
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phosphorus. These results are not surprisinf>' when it is considered that
lime and phosphorus are the main constituents of the animal skeleton.
Through the sale of animals and of other farm products these elements
have been continuously removed from the soils during the last 50 to 150
5'ears and very little, if any, returned in the way of lime and super-
phosphate. Nitrogen is also deficient in many of the pasture soils.
Through the use of lime and superphosphate, however, white clover and
other legumes will be encouraged and these leguminous plants will help
to supply the nitrogen required by the grasses.
Experimental work conducted at this Station and at other stations
shows that top dressings of lime and superphosphate will bring back a
good stand of bluegrass and other desirable plants on many pastures.
Not all pastures, however, can be improved economically. On the basis
of the present investigation it is concluded that at least one-third
of the pasture acreage in the state is either So steep, or so badly eroded
that it cannot be improved economically. In some of the steeper and
poorer pasture sections the percentage of the area that is not suitable
for improvement amounts to over 50%. These areas furnish very little
herbage and should be returned to woodland. By so doing the soils
would be better protected from further erosion, and in future years the
timber from such wooded slopes would doubtless yield a greater return
than is now obtained from the pastures.
The pastures that will respond most profitably to the use of lime and
superphosphate are in general those that are on the more gentle slopes
and are not droughty or badly eroded. In the poorer pasture sections
of the state these conditions will usually be found on only the better
pastures of the farm.
The main benefits that result from the use of lime and superphos-
phate on pastures come about because of the fact that the percentage of
bluegrass and other desirable plants is increased and the percentage of
poor native grasses and weeds decreased. As shown in this study, the
carrying capacity of a pasture or the number of acres required to pasture
an animal unit is largely determined by the percentage of desirable
species in the pasture. As this percentage increases, the carrying capacity
of the pasture increases. The reason for this close relationship is easily
seen. Bluegrass and other desirable plants start growth earlier in the
spring than do poverty grass and other native grasses. Moreover, they
yield more per acre and produce herbage that is more palatable and
more nutritious to the grazing animal. Pastures that are improved by
moderate applications of lime and superphosphate, therefore, will often
carry twice as many animals after treatment as before treatment. The
thicker, heavier sod which develops will also reduce erosion to a minimum
even on relatively steep slopes.
In addition to the use of lime and superphosphate, much can be
done toward improving permanent pastures by following better manage-
ment practices. As discussed on pages 25 to 28, the most serious weak-
nesses of the present practices are : (1) winter grazing, (2) turning
cattle on pasture too early in the spring or before there is much growth,
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and (3) failure to mow weeds and coarse, mature vegetation. Under
no condition obtaining in West Virginia can the practice of forcing
animals to obtain all their Avinter feed from pastures be justified. Like-
wise, the turning of cattle on pasture early in the spring, when the grass
is just starting growth, is harmful to the growth of the vegetation
during the remainder of the season.
The data obtained in this investigation lead to the conclusion that
a new attitude toward permanent pastures is necessary before much im-
provement can be expected. Pastures should be recognized as the most
important crop in West Virginia and as such should receive the atten-
tion that the crop deserves. Not all land is good enough for pastures.
Like any other crop, pastures will produce in direct proportion to the
fertility of the soil.
The problem of pasture improvement is one that challenges the best
efforts of all those interested in the welfare of West Virginia agricul-
ture. West Virginia is a livestock state primarily because of the large
pasture acreage. If the pastures of the state are allowed to fail, the
livestock industry of the state must likewise fail.
52
Appendix
F/gureA. PERCENTAGE OF LAND IN FARMS
LEGEND
I
I Less than 30%
|:::;i;l Between 30% ondJSZ
^^ Abo\/e aO%
Figure B. PERCENTAGE OF TOTAL AREAS
/N NGN- WOODLAND PASTURES
LEGEND
I I Seti^een O and lO'A





^ ^ U Qi














CO M rH C^l m O «D OJ ^ CO CO CO CO * U5




CO M rH O to (M O CO C-. CO CO ir.' CI
OOCOMuOOOrHO
"
-* r-1 CTi in CO o
s
&^- CI
O CI t^ T-^ T-H -r CO t- Lre c?
UjCOCOOOOi-HO CO -r cr CO 1- CO
"* "
S'^
CO CO t>C Cl 01 C5 o
05
CO





t-t~«DCC^OC-05 CO ^ O >H CT; T-H CJ
(Moa-*tooi-(iMo
0^
CO CO C5 o cq ^̂
CJ
w^ ire Ul -* tC' cc 05 CO CO rf CO ca c- Tt< o C-.
iccccqcjoooo
CJ
CO CO t— -^ CO
5 CJ
^ lOOCiSOOOlMtCl-O oo T-i ^ CO Tt< T-H t~tO'S'OOCMOOOCC
ca















Tt<tOC0THCat^-J2;0 CJ O -1- •-H CI
b^ CO CO rH CI O O i-l O IX. Ci rr; O CO C-?




~ ~ '^ £ S o
54
"20
^ u: K 72
O aj be I'
o o 73 j:
t- ;-» 0) i-J
Table B—Percentage distribution of available phosphorus and acidity of soils
by soil series
Soil
% of total acreage in various
"available phosphorus classes"






















10.4 13.2 43.9 26.7 16.2
Meig-s 93.2 6.2 0.6 M.5 52.0 31.0 2.5
Upshur 88.
2
11.8 12.0 40.9 45.5 1.6




82.0 15.9 2.1 0.9 33.8 45.2 20.1
Hagerstown 61.3 29.6 9.1 22.9 9.4 67.7
Monong-ahela 63.4 36.6 24.4 55.3 20.3
Pope
Atkins
66.9 15.7 17.4 39.6 12.2 27.3 20.9
Hunting-ton
Moshatmon
57.5 22.8 19.7 23.3 25.7 15.4 35.6
Misc. soils 52.6 47.4 52.6 5.3 42.1
Table C—Slope and erosion data for different soils
Soil
series
% of area in diff
lope classes




















Dekalb 39.1 42.2 18.7 0.2 3.7 75.6 20.5
Meig-s 26.7 38.0 35.3 1.0 3.0 53.0 43.0
Upshur 52.0 33.9 14.1 (J 15.8 75.4 8.8
Westmore-




74.7 20.7 4.6 0.7 18.9 76.1 4.3
Hag-erstown 88.6 9.4 2.0 3.0 11.6 78.0 7.4





Mi.sc. soils 59.0 12.5 28.5 20.0 22.0 58.0
55
Abstract
A comprehensive study of the conditions of permanent pastures
in West Virginia was started in 1935 in cooperation with the Soil
Conservation Service and the Bureau of Plant Industry of the United
States Department of Agriculture. A total of 775 pastures in nine
important pasture areas of the state, comprising parts of 20 counties,
were examined as to the kind and amount of vegetation, the soil
type, depth of surface soil, amount of erosion, and degree of slope.
A total of 764 soil samples were taken, and determinations made of
available phosphorus and soil acidity. In addition, data were ob-
tained on pasture management and on the cari-ying capacity of the
pastures.
In the poorest of the nine areas an average of 5.3 acres of non-
woodland pasture was required to pasture one animal unit, whereas
in the best area an average of 2.5 acres was sufficient. The wide
differences in carrying capacity among different areas and among
individual pastures were found to be closely related to the type of
vegetation present. In the area of lowest carrying capacity less than
11% of the pasture sod was made iip of desirable grasses and legumes,
whereas in the best area the value was 47%.
On the basis of the close relationship found between the type
of vegetation and candying capacity, a standard was developed by
which the carrying capacity of a permanent pasture can be estimated
from a knowledge of the desirable species present in the vegetation.
The most important factors responsible for poor type of vegeta-
tion were soil acidity and lack of available phosphorus. Of the total
area studied, 85% was found to be in need of lime, and 94% deficient
in available phosphorus. Associated with these two factors in affect-
ing the type of vegetation were soil type, degree of slope, and soil
erosion.
The principal soil series, ranked in increasing order as regards
the percentage of desirable species in the pastures, are as follows:
Meigs, Dekalb, Upshur, Westmoreland, Pope, Frankstown, Hagers-
town, and Huntington.
On the basis of various soil factors, particularly slope and erosion,
it was estimated that 25% of the pasture area studied could not be
improved economically but should be returned to woods.


